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摘 要 
锰氧化物由于其理论比容量高、资源丰富、价格便宜、环境友好等特点而受
到人们的广泛关注，成为最具有研究前景的锂离子电池负极材料之一。但是锰氧
化物不容忽视的缺点阻碍了其商业化的使用：（1）锰氧化物在循环过程中体积膨
胀明显，容易造成电极结构的破坏，导致放电比容量持续下降；（2）导电性差，
导致大电流充放电性能不理想。为了解决这两个问题，人们主要从合成纳米化锰
氧化物和与碳材料复合这两个方面来对其进行改性。然而，除了锰氧化物本身的
缺点以外，目前所使用的电极制备方法涂覆法也存在很大的问题：涂覆过程中使
用的高分子粘结剂既降低了电极的能量密度，又影响了电极的导电性。为了解决
锰氧化物本身的缺点和传统涂覆方法的限制，本论文中采用电泳沉积
（Electrophoretic deopsition, EPD）的方法将锰氧化物与碳材料进行了共沉积来制
备无粘结剂的锂离子电池负极： 
（1）将水热合成方法制备出的二氧化锰纳米线分别与乙炔黑、碳纳米管和
氧化石墨烯共同沉积在铜箔上，将沉积后的极片经过高温煅烧之后制备出了锰氧
化物与三种不同碳材料的复合电极。由于不同碳材料的引入，三种复合电极具有
不同的电极结构：乙炔黑紧密地簇拥在锰氧化物纳米线周围，既提高了电极导电
性，又为锰氧化物在循环过程中的体积膨胀提供了缓冲空间；碳纳米管与锰氧化
物纳米线相互交织形成鸟巢状结构，在循环过程中表现出很好的稳定性，同时碳
纳米管的相互交联构建了一个广泛的导电网络；还原氧化石墨烯或覆盖在锰氧化
物纳米线表面，或穿插在锰氧化物纳米线之间，提高了导电性。之后对三种不同
的电极进行了电化学性能的测试，并与涂覆方法制备的MnO和Mn3O4电极的性
能进行了比较。 
（2）为了简化二氧化锰原料的制备工艺，本论文中直接将商业化的电解二
氧化锰球磨之后作为原料，使用电泳沉积法将球磨之后的电解二氧化锰分别与乙
炔黑、碳纳米管和氧化石墨烯进行共沉积，也得到了三种具有不同电极结构锂离
子电池负极：与乙炔黑复合的电极中，球磨后的锰氧化物分散成了纳米粒径的小
颗粒，这些锰氧化物小颗粒与相同粒径的乙炔黑紧密夹杂在一起构成了多孔的电
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极；与碳纳米管复合的电极中，碳纳米管缠绕在锰氧化物纳米颗粒的周围，形成
稳定的电极结构，同时碳纳米管相互交联形成导电网络；与还原氧化石墨烯复合
的电极中，球磨后的锰氧化物没有分散成纳米颗粒，而是保持了原来的块状结构，
还原氧化石墨烯或覆盖在块状锰氧化物表面，或穿插在块状锰氧化物之间。三种
不同结构的电极表现出了不同的电化学性能。 
关键词：锂离子电池；负极；锰氧化物；电泳沉积法 
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Abstract 
As one of the most promising anode materials for lithium-ion batteries, manganese 
oxides have attracted broad attention because of their high theoretical specific capacity, 
abundant resource, low cost and environmental friendliness. But the noticeable 
drawbacks of manganese oxides as anode impede their commercial utilization: (1) 
manganese oxides undergo huge volume change during the cycling process which will 
destroy the electrode structure leading to continuous decline of capacity; (2) their low 
intrinsic electrical conductivity results in unsatisfactory electrochemical performance 
under high current density. In order to solve the above problems, researchers are 
devoted to synthesizing manganese oxides nanoparticles or compounding them with 
carbonaceous materials. However, in addition to the intrinsic shortcomings of 
manganese oxides, the prevailing fabrication of electrode, coating method, also has 
imperfection. Not only does the using of polymer binder during the coating process 
reduce the energy density, but also has negative effect on the electrical conductivity of 
the electrode. Therefore, considering the mentioned factors, we adopt electrophoretic 
deposition method to prepare binder-free electrode, composed of manganese oxides and 
different carbon materials, as anode for lithium-ion battery. 
(1) MnO2 nanowire, prepared through the hydrothermal process, is co-deposited 
with acetylene black, carbon nanotubes and graphene oxides onto the copper foil, 
respectively. After a heat treatment, three kinds of composite electrode are obtained. 
Because of the introduction of different carbon materials, three kinds of composite 
electrode possess various electrode structures. The particles of acetylene black cluster 
around the manganese oxides nanowires, which could not only enhance the electrical 
conductivity of the electrode, but also provides the buffer space for the volume change 
of manganese oxides during the cycling process. Carbon nanotubes and manganese 
oxides nanowires are tightly interwoven to construct a nest-like architecture. This nest-
like structure exhibits the excellent cycling stability. At the same time, the crosslinking 
carbon nanotubes can build an extensive electron conductive network to improve the 
electrical conductivity. The reduced graphene oxides either serve as carriers to support 
the manganese oxides nanowires or insert into the crowds of manganese oxides 
nanowires. The cycling performances of three kinds of electrode are tested as anode in 
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the coin cells, compared with the MnO and Mn3O4 electrodes prepared by traditional 
coating method. 
(2) In order to simplify the preparation procedure of manganese dioxide, 
commercial electrolytic MnO2 subjected to ball-milling process is used as starting 
material. The ball-milling MnO2 is co-deposited with acetylene black, carbon 
nanotubes and graphene oxides on the copper foil through the electrophoretic 
deposition method. After heat treatment under Ar atmosphere, three kinds of composite 
electrode with different structures are acquired. In the composite electrode containing 
acetylene black, the ball-milling manganese oxides are dispersed into nanoparticles. 
These nanoparticles of manganese oxides mix with the same-size acetylene black 
particles to construct a porous electrode. In the composite electrode containing carbon 
nanotubes, the tubular carbon materials interwine with the manganese oxides 
nanoparticles to build a stable electrode structure. Furthermore, carbon nanotubes also 
construct a large-scale electron conductive network to significantly improve the 
electrical conductivity. In the composite electrode containing reduced graphene oxides, 
the ball-milling manganese oxides still maintain the bulk morphology instead of being 
dispersed into nanoparticles. The reduced graphene oxides either serve as carriers to 
support the bulk-like manganese oxides or insert into the crowds of manganese oxides. 
These three kinds of electrode exhibit different cycling performances. 
Keywords: lithium-ion battery; anode; manganese oxides; electrophoretic deposition 
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第一章 绪论 
1.1 引言 
随着工业化程度的不断加深，人类长期依赖的煤、石油、天然气等化石燃料
在提供强大能源保障的同时也产生了很多难以调和的矛盾：一方面，这些不可再
生能源的持续开采和消耗导致了人类前所未有的能源危机；另一方面，这些传统
燃料在使用过程中所造成的环境问题（如酸雨、温室效应、雾霾等）严重危害着
人类的生存环境，成为急需解决的严峻挑战。 
为了改变之前不可持续的能源使用模式，各个国家正在大力推动太阳能、风
能、潮汐能、地热能等可再生清洁能源的使用。然而这些可再生清洁能源由于其
间歇性、地域性的特点而不易储存，因此与这些清洁能源相配套的储能装置逐渐
受到了人们的广泛关注。在众多储能装置中，锂离子电池因其能量密度大，放电
电压平稳、环境友好、循环寿命长、无记忆效应等优点脱颖而出[1-3]。近年来，随
着科技进步和人们需求的逐步提高，锂离子电池已广泛应用于手机、数码相机、
笔记本电脑等便携式电子产品领域，此外还在电动交通工具、智能电网以及航空
航天等大型储能领域展现出广阔的发展前景。 
1.2 锂离子电池发展简介 
锂离子电池是将两种氧化还原电位不同，且都能够可逆地嵌入及脱出锂离子
的化合物分别作为正、负极所组成的二次电池体系。锂离子电池的产生和发展与
锂电池是密不可分的。锂电池是以锂金属直接作为负极使用的电池的总称。锂是
所有金属中密度最小（ρ=0.53 g cm-3）的金属，此外还具有标准电极电势低（-3.04 
V）、质量能量密度大（3.86 Ah g-1）等优点，因此以金属锂直接作为负极组成的
锂原电池能够提供较大的比能量和较高的电池电压[4]。 
锂原电池的商品化实现于 20 世纪 70 年代初，比较常见的有 Li//MnO2、
Li//CFx(x<1)、Li//SOCl2 等电池。在此基础之上人们又开始研究能够进行充放电
的锂二次电池，希望以此来代替传统的铅酸蓄电池和镉镍电池。在初期的研究过
程中，人们致力于探索以金属锂及其合金作为负极的锂二次电池，但金属锂表面
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